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Abstract 
By the systematic observation of core from the 17 drills for hydrological supplementary exploration, and combined with analyses 
of polarizing microscope, scanning electron microscopic, pressured-mercury test, stress-strain experiment, we studied the 
characteristics of aquosity and watertightness for Fengfeng formation in this paper. The Fengfeng formation are composed of 
carbonate, evaporites and secondary breccia, which can be divided into 17 rock microfacies. The lithology of Fengfeng formation 
can be divided into two segments, the lithology of lower segment is mostly dolomite and anhydrite rocks, which was formed in 
dolomitic flat and gypsum-halite lake of supratidal; and the upper segment is micrite-grain limestone, which was formed in open 
platform. Fengfeng formation experienced a complex transformation of diagenesis, the main types of hole are corrosion pore, 
microporous between crystalline, structure cracks and corrosion cracks. Pressured-mercury tests show that the pore structure is 
mainly microporous, and lower segment is more developed than the upper segment. The results of the stress-strain experiment 
show that Fengfeng formation has low permeability, which is belonged to weak-impermeable scope of the permeability. The 
permeability of the upper segment is 5~10 times to the lower segment. The aquosity and watertightness for Fengfeng formation 
are controlled by the types and development of corrosion pore, holes and cracks in the area where the structure did not vary 
develop. In the simple structure block, Fengfeng group can be seen as a relatively impermeable layer, which is favorable for 
mining of No.15 coal with belt pressure. 
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1. Problem 
Yangquan coal mining area is located in Yangquan City, Shanxi Province, which is one of the largest production 
bases for anthracite. Coal-bearing strata are Taiyuan and Shanxi formation, which contain more than 10 coal seams. 
The features of No.15 coal seam are as following: largest thickness, with limited distance to the Ordovician 
limestone, and stability in the mining area. It is located in north-eastern fringe of Qinshui Basin, Shanxi Province, 
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 which is in the composite part of Taihang Mountains and the east-west uplift tectonic belt. For the stress 
concentration of North East complex part, the stress is weakening in south-west direction. It form monoclinic 
structure which the Northeast raised and tilt to the southwest, and the general inclination is 6°~10°. On the basis of 
this structure there developed the secondary NNE, NE and NEE fold group, and collapse column, and these 
constitute the main structural characteristics of the mining area (Wang Yi et al, 1998). It belongs to the Niangziguan 
spring area. The water level is high in west and low in east. With the gradual depletion of resources in eastern part, 
the exploitation gradually extended to deep-lying area in the west, increasing the depth of coal seam. No.15 coal 
seam is below the Ordovician limestone water level, and is subject to a certain degree of Ordovician limestone head 
pressure. So, there is the danger of water inrush. 
The Ordovician is composed of Fengfeng formation, Shangmajiagou formation, Xiamajiagou formation in middle 
Ordovician, and Yeli formation, Liangjiashan formation in lower Ordovician from top to bottom in Yangquan coal 
mining area. Fengfeng formation as the top of the Ordovician, above the No.15 coal seam, the thickness is from 154 
m to 245.4 m, with average of 199.70 m. The Ordovician limestone is usually regarded as aquifer. Only the strata 
from No.15 coal seam floor to Fengfeng formation (including Benxi and Jinci formation) are regarded as the 
impermeable layer. It is shown that Ordovician limestone aquifer is complex strata, including Fengfeng and 
Majiagou formation, which include strong-rich water-based aquifer and relative weak-rich water-based impermeable 
layer in vertical. Yu Guofang et al (2005) had studied Fengfeng formation in Shaqu coal mining area. Therefore, the 
study on rich water-based, aquosity and watertightness and their developmental regularity in vertical of Fengfeng 
formation has great significance to prevent water inrush of Ordovician limestone floor effectively. 
2. The lithology of Fengfeng formation 
Based on observation and description of 17 drill core for Fengfeng formation, and observation and identification 
of more than 500 sheets of rock, the main lithology of Fengfeng formation include carbonate rocks, evaporites, and 
secondary rock, such as breccia. It can be divided into 13 rock microfacies and 4 secondary breccia rock microfacies 
(Table 1). 
Table 1. Types and distribution of lithology in Fengfeng formation 
There are differences for types of rocks in Fengfeng formation in the vertical in Yangquan coal mining area, and 
its lithology can be divided into two segments. The lower segment is consisted of dolomite and anhydrite mainly, 
the upper segment is dominant of micrite-grain limestone. 
The thickness of lower segment of Fengfeng formation (O2f1) is 78.9~152.30 m, with average of 115.6 m. The 
lithology are mainly dark gray micrite dolomite, marl, dolomitic breccia, gray green dolomitic gypsum, anhydrock 
and gypsum breccia. Its characteristic is relatively high content of gypsum. Anhydrite rocks and gypsum breccia 
often develop at the bottom, and appear with the dolomite layer. The other characteristics are thin or cracks filled in 
the latter. The joint wad developed in this segment. Corrosion seam, corrosion pore and suture can be seen, filled 
with gypsum, calcite and clay. 
Rock 
categories Rock type Rock microfacies Distribution 
Carbonate 
Limestone 
micritic limestone with bioclastic, micritic limestone with 
bioturbation structures, finely crystalline limestone, calcarenite 
with micrite and sparry, micritic limestone with bioclastic and 
calcarenite 
Mainly distribution in upper 
segment and less distribution in 
lower segment of Fengfeng 
formation 
Dolomite 
micrite dolomite, powder crystal dolomite, micrite dolomite with 
bioclastic and calcarenite, powder crystal and sand crystal 
dolomite, micrite-powder crystal dolomite with calcarenite 
Mainly distribution in lower 
segment and less distribution in 
upper segment of Fengfeng 
formation 
Evaporites Gypsum anhydrite with dolomite, dolomite- anhydrite, anhydrite Mainly distribution in lower 
segment of Fengfeng formation 
Secondary 
rock Breccia 
limestone breccia with dolomite, dolomite-limestone breccia, 
dolomite breccia, gypsum breccia 
Distribution in lower segment of 
Fengfeng formation 
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The thickness of upper segment in Fengfeng formation (O2f2) is 57.48~124.80 m, with average of 91.14 m. The 
main lithology are thick-layered micritic limestone, limestone with dolomite, and some parts are thin-thick micrite 
limestone containing bio-clastic, dolomitic limestone, gray breccia and gypsum rock. The biological detritus can be 
often seen, such as crinoids, ostracods, brachiopod, gastropoda, sponge spicules and so on. The whole rock is more 
broken, which has a lot of joint. Corrosion pore, corrosion seam are relative development, which is filled with the 
calcite and pyrite, with the phenomenon of unfulfilled in local. 
The lithology can be divided into two segments, which formed in different sediment. The lower segment was 
formed in dolomitic flat and gypsum-halite lake with frequently alternating and relatively dry climate. The upper 
segment was formed in open platform with the rise of regional sea-level. 
3. The pore structure of Fengfeng formation 
Observations of polarizing microscope and scanning electron microscopy show that the sediment of Fengfeng 
formation experienced is different in diagenesis, such as compaction, pressure solution, recrystallization, 
dolomitization, the solution and filling and so on. So the rock is relatively dense. The pore types of Fengfeng 
formation include dissolution porosity, intergranular pore, micro-cracks, as well as a small number of other pore 
types. The pore of lower segment is more developed than the upper segment. 
We carried out the mercury injection experiments on 120 samples. The results show that the average diameter of 
pore of all types of rock samples were considerably small, which the most of all are less than 0.05 µm, only 10 
samples’ pore diameter were larger, which between 0.0506~0.0981 µm; and the lower segment of Fengfeng, 
breccia, anhydrite dolomite breccia and fine powder have larger average pore diameter. Compared with the karst 
formation (the average pore diameter of limestone of Zhaishan hill of Xuzhou is more than 2.198 µm, Han Bao-
ping, 1998), the difference of the average pore diameter has 2 orders of magnitude. The majority porosity is 
intergranular pores or intergranular fracture. The cloud micro-porphyritic limestone develops dissolution porosity, 
which is like honeycomb fluffy. 
Different rock samples have large difference in effective porosity (Fig. 1). The experimental results show that the 
effective porosity of rock is between 0.4547% and 18.9369%, which only 4 samples’ effective porosity is greater 
than 10 percent, accounting for 0.03% of the total number of samples. These rock samples are mainly anhydrite 
breccia in the lower segment of Fengfeng formation, which the effective pore diameter is larger than 0.05 µm. There 
is 10 rock samples’ effective porosity between 5%~10%, accounting for 0.08% of the total number of samples. 
These rock samples are mainly anhydrite breccia, silty dolomite, dolomitic breccia, dolomitic gypsum, and so on. 
And the effective pore diameter is also larger than 0.05 µm; the rest of the rock samples’ effective porosity is less 
than 5%. 
The effective porosity and average pore diameter of rock of lower segment of Fengfeng formation are relative 
large, but most of the pore diameter are less than 1 µm. So it is very difficult to form the seepage. By scanning 
electron microscopy, the anhydrite rock grain is relative large, and has a larger (about 10 µm) intergranular porosity 
with 3~10 µm intergranular crack formed from interlayer water running out. We think the reason is dehydration of 
gypsum into anhydrite to shrink the volume, while increasing rock strength between the grains lead to intergranular 
porosity, and compaction can not very well to eliminate the intergranular pores. The effects of the late tectonic make 
breccia cement weak, resulting in the average pore diameter and effective porosity are relative large. 
The proportion of the micro pore of the rock samples which is less than 1µm pores are more than 50%, which is 
in a considerable proportion of the micro pore in bauxite mudstone of Benxi formation. .There is 40% of the rock 
samples’ which micro pore are even more than 80%. It is very difficult to form the seepage in these micro-pores. 
The largest proportion of the micro pore of the rock samples which is between 1~10 µm is 24.28%, and this is 
dolomite fine powder in the lower segment of Fengfeng formation, but it is the only one. 
The groundwater can flow in micro pore which is in the deeper department under the high-head pressure. It can be 
seen as potential karst rock under high-head pressure in the deep strata. Under the common pressure, the condition 
of seepage in which is poor. Therefore, in the study area, fluid can flow in the rock types of Fengfeng formation 
need a greater fluid pressure. 
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 The rock pore diameter plays a major role in fluid flow. It is different between the average pore diameter and the 
largest throat pore diameter, and the proportion of the larger porosity is small. If fluid can flow in these pores which 
diameter is more than 10 µm, we can conclude that few pores have the seepages ability in carbonate rocks of 
Fengfeng formation. 
4. The stress-strain experiments 
The results of stress-strain experiments for 20 rock samples from 4 drillings show that upper segment (O2f2) 
permeability is 0.01~729.22×10-6 Darcy, and permeability coefficient is 0.096~7010×10-10 cm/s. The lower segment 
(O2f1) permeability is 0.01~74.12×10-6 Darcy, and permeability coefficient is 0.096~1364.1×10-10 cm/s. Although 
the permeability of samples is not the same as the in-situ permeability of the rock or layer, the test data still show 
that upper segment permeability is higher than the lower segment, and the permeability of the upper segment is 
about 5~10 times that of the lower segment. 
From Fig. 2, the peak of permeability-stress lags behind that of stress-strain. After stress-strain peak, with the 
increasing of strain, stress rapidly decreases, and fracture continues development. Finally permeability reaching the 
maximum. 
The key factors effecting on rock permeability coefficient are fractures, joint and tectonic movement. So without 
the impact of structure movement, the dense rock can be regarded as a water-impermeable rock layer. 
According to observation of 17 simple hydrologic boreholes, static water level in general is located in the upper 
segment of Fengfeng Formation and Benxi or Taiyuan formation. Construction data show that there is no water in 
Fengfeng formation, the underground water drilling encountered comes from Shang-Majiagou formation. Fengfeng 
formation generally has no significant flushing fluid leakage phenomenon, while the flushing fluid leakage 
phenomenon is serious in the upper and middle of Shang-Majiagou Formation, and even big karst caves were met 
during drilling. Aquifers explained by log are located in the middle and upper segments of Shang-Majiagou 
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(c)                                                                                                              (d) 
Fig. 1. The histogram of distribution of pore diameter (a) powder crystal limestone, O2j-7-40, O2f2, 219.50 m; (b) powder crystal 
dolomite, O2j-7-53, O2f1, 277.55 m; (c) anhydrite dolomite, O2j-7-47, O2f1, 237.25 m; (d) gypsum breccia, O2j-7-57, O2f1, 306.01 m 
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formation. Karst fractures in the upper segment of 
Fengfeng formation are weakly developed, leading 
weak water permeability, and most of karst 
fractures are filled by anaphase mud and calcite. 
Comparing with Fengfeng formation, karst 
fractures of Shang-Majiagou formation well 
developed. 
In weakly developed structure area, water-
bearing and insulation of Fengfeng Formation are 
mainly depend on the types of dissolved pore, 
dissolved cavern, dissolved fracture and their 
development degree. Fengfeng Formation can be 
regarded as a relatively impermeable layer in 
relatively simple structure area, which is helpful 
for mining the No.15 coal with pressure. 
5. Conclusions 
(1) Fengfeng formation in Yangquan coal 
Mining area was consisting of carbonate rocks, 
evaporites and secondary components of the 
breccia, which can be divided into 17 types of rock 
microfacies. According to the rock microfacies, 
Fengfeng formation is divided into two sub-
lithologies. The lower segment of Fengfeng 
formation is consisting of dolomite and anhydrite 
rock was formed in dolomitic flat and gypsum-
halite lake of supratidal, and the upper segment 
made up of micritic and granular limestones and 
was mainly formed in open-platform environment. 
(2) Fengfeng formation had undergone a 
complex diagenesis, including compaction, 
pressolution, cementation, corrosion, 
metasomatism and recrystallization and so on. The 
pore types mainly include intercrystalline pore, 
corrosion pore, structural fracture and corrosion 
fracture. Pressured-mercury test show that the pore 
structure are microporous. The stress-strain 
experiments of Fengfeng formation show that 
permeability is comparatively low, and 
permeability of the upper segment is about 5~10 
times that of the lower segment. 
(3) In weakly developed structure area, water-bearing and insulation of Fengfeng formation are mainly depend on 
types of dissolved pore, dissolved cavern, dissolved fracture and their development degree. Fengfeng formation can 
be regarded as a relatively impermeable layer in relatively simple structure area, which is helpful for mining the 
No.15 coal. 
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Fig. 2.  The stress-strain experiments Curve (a) micrite, O2f2, O2d-6, 774 
m; (b) Dolomitic Limestone, O2f1, O2d-6, 819 m; (c) Anhydrite, O2f1, 
O2d-6, 708.7 m 
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